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COMMUNICATION METHOD AND
INFORMATION PROCESSING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This patent application is based upon and claims the benefit
of priority of Japanese Patent Application No. 2011-176416
filed on Aug. 11, 2011, the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a com-
munication method and an information processing system.

BACKGROUND

A computer system such as a cluster computing system
includes a number of computers (hereinatter called “nodes™)
that simultaneously perform parallel processing. In such a
computer system, collision in communications between
nodes or congestion in communications may become bottle-
necks.

In the related art technologies, a communication pattern is
designed for application programs (hereinafter called “appli-
cation”) executed by the nodes so as not to allow the collision
to occur in communications between the nodes. Such a com-
munication pattern is set in the applications, and each of the
nodes performs communication according to the communi-
cation pattern set in the applications, which may prevent the
congestion of the communications.

However, it maybe difficult to design an optimal commu-
nication pattern for those applications that change a commu-
nication partner node based on data input according to
progress of the processing. This is because dynamic change
of the communication partners may cause difficulty in pre-
dicting the communication pattern.

With respect to such applications, no specific actions have
been taken in general in the hope of likelihood of collision
occurrence being low owing to the randomness of the com-
munication partners. Moreover, even if the collision did
occur, it is generally considered that the throughput may be
controlled by the bandwidth control and flow control of TCP/
IP, or a frame collision avoidance technology for a local area
network (LAN).

However, in the applications that handle a large amount of
messaging communications with random communication
partners, there is a likelihood that a certain amount of com-
munications may temporarily converge on some of nodes in
viewing the entire system. Accordingly, the likelihood of
collision occurrence may not necessarily be low.

Further, the bandwidth control and flow control of TCP/IP
may require longer time for exhibiting their effectiveness. In
the frame collision avoidance technology for the LAN, pack-
ets may be lost at a LAN switch, or overhead may occur due
to protocol stacks in the nodes and/or due to switching the
control by the LAN switch.

As aresult, communication congestion occurs in part of the
network, which inhibits the potential performance that the
entire system may otherwise exert.

RELATED ART DOCUMENT
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Patent Document 2: Japanese Patent Application Laid-
Open Publication No. 04-070235

Patent Document 3: Japanese Patent Application Laid-
Open Publication No. 2000-332803

Patent Document 4: Japanese Patent Application Laid-
Open Publication No. 9-252312

SUMMARY

According to an aspect of an embodiment, there is pro-
vided a communication method in an information processing
system, which includes a group of first information process-
ing apparatuses that transmit data and a group of second
information processing apparatuses that receive the data. The
communication method includes storing the data subject to
being transmitted to one of the second information processing
apparatuses in a data storage by associating the data with
identifier information of the one of the second information
processing apparatuses; and performing transmission pro-
cessing to transmit the data stored in association with the
identifier information of the one of the second information
processing apparatuses in the data storage to the one of the
second information processing apparatuses in response to
reception of a first token generated by the one of the second
information processing apparatuses that serves as a generat-
ing source of the first token, the first token indicating a trans-
mission right to transmit the data to the one of the second
information processing apparatuses and being transferred
between the group of the first information processing appa-
ratuses and between the group of the second information
processing apparatuses.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the appended claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention
as claimed.

Additional objects and advantages of the embodiments
will be set forth in part in the description which follows, and
in part will be obvious from the description, or may be learned
by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a configuration example of
an information processing system according to an embodi-
ment;

FIG. 2 is a diagram illustrating a hardware configuration
example of a calculation node in the information processing
system according to the embodiment;

FIG. 3 is a diagram illustrating a functional configuration
example ofthe calculation node in the information processing
system according to the embodiment;

FIG. 4 is a flowchart illustrating an example of a procedure
of initializing a communication controller;

FIG. 5 is a diagram illustrating a configuration example of
buffer management information storage;

FIG. 6 is a diagram illustrating a configuration example of
statistical information storage;

FIG. 7 is a diagram illustrating a configuration example of
communicational information storage;

FIG. 8 is a flowchart illustrating an example of a procedure
of initializing a transmission token manager;

FIG. 9 is a diagram illustrating a configuration example of
a token management information storage;



US 9,319,493 B2

3

FIG.10is a diagram illustrating a configuration example of
a transmission token;

FIG. 11 is a flowchart illustrating an example of a proce-
dure of initializing an information processor;

FIG. 12 is a flowchart illustrating an example of a proce-
dure executed on receiving a transmission request of infor-
mation processing data;

FIG. 13 is a flowchart illustrating an example of a proce-
dure of issuing a request token;

FIG. 14 is a diagram illustrating a configuration example of
a request token;

FIG. 15 is a flowchart illustrating an example of a proce-
dure executed in response to reception of another-node
addressed token;

FIG. 16 is a flowchart illustrating an example of a proce-
dure executed when the request token is received;

FIG. 17 is a flowchart illustrating an example of a proce-
dure executed in response to reception of an own-node
addressed transmission token;

FIG. 18 is a flowchart illustrating an example of a proce-
dure executed in response to the arrival of an expected token
transmission time; and

FIG. 19 is a flowchart illustrating an example of a proce-
dure executed in response to transmission of a message from
another node.

DESCRIPTION OF EMBODIMENTS

According to an aspect of an embodiment, there are pro-
vided a communication method and an information process-
ing system that may be capable of reducing expected conges-
tion in communications.

Preferred embodiments are described below with reference
to the accompanying drawings. FIG. 1 is a diagram illustrat-
ing a configuration example of an information processing
system according to an embodiment.

An information processing system 1 is a computer system
and may also be referred to as a cluster system. In FIG. 1, the
information processing system 1 includes a number of com-
puters (32 computers in FIG. 1) connected via a communica-
tions network, such as a local area network (LLAN), and a
switch SW. Each of such computers are hereinafter called “a
calculation node”. FIG. 1 illustrates an example of the infor-
mation processing system in which the calculation nodes are
connected via a LAN switch in a star-like configuration;
however, the information processing system according to the
embodiment is not limited to such a specific network topol-
ogy. Moreover, communications between the calculation
nodes may be wireless communications.

The calculation nodes may have installed a common appli-
cation program and information processing may be per-
formed on input data of one of the calculation nodes N in
parallel with those of other calculation nodes (herein after
called “other nodes™) N. In such parallel information process-
ing, each of the calculation nodes N mutually communicate
with the other calculation nodes N.

An example of information processing executed by the
calculation nodes N may be a co-occurrence frequency analy-
sis. The co-occurrence frequency analysis, for example, ana-
lyzes co-occurring word combinations and the frequency of
such word combinations within a predetermined unit of cer-
tain document data (e.g., within one sentence or one page).
Different document data are supplied to the calculation nodes
N as input data. Each ofthe calculation nodes N carries out the
co-occurrence frequency analysis on the corresponding sup-
plied document data. In addition, different word combina-
tions are assigned to the calculation nodes N so that the
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calculation nodes N count the number of co-occurrences of
the respective assigned word combinations. For example, one
of the numbers 0 to 31 is assigned to each of the calculation
nodes N without duplicates. For example, the calculation
node N with the assigned number matching a value of a
remainder obtained by dividing the hash value of the co-
occurring word combination by 32 may be configured to
count the number of the corresponding word combinations.

With the above information processing, each of the calcu-
lation nodes N performs communication for transmitting (re-
porting) a request for adding the number of occurrences of the
co-occurring word combination with the calculation node N
that counts the number of occurrence of the co-occurring
word combination in response to detection of the co-occur-
ring word combination. Such a communication destination
may be highly random. This embodiment is suitable for the
information processing in which the communications with
the communication partner may exhibit high randomness.
However, types of the information processing to which the
embodiment is applied may not be limited to the above infor-
mation processing. Any types of information processing may
be employed insofar as the information processing is
executed by the collaboration of the plural calculation nodes
N (i.e., by allowing the plural calculation nodes N to mutually
communicate with one another).

Note that in the information processing system 1, a group N
of calculation nodes transmitting a result of information pro-
cessing to another calculation node N and a group N of
calculation nodes receiving a result of information processing
from another calculation node N may be separately provided.
Hereinafter, the group N of calculation nodes transmitting a
result of information processing to another calculation node
N is called “transmitting side nodes”, and the group N of
calculation nodes receiving a result of information processing
from another calculation node N is called “receiving side
nodes”. Each of the calculation groups Ns may serve as both
the transmitting side nodes and receiving side nodes.

A basic operation of the information processing system 1 is
described below. In this embodiment, data called a transmis-
sion token may be sequentially transferred between the cal-
culation nodes. For example, the transmission token may
circulate (be distributed) in a virtual ring topology formed of
the group N of the calculation nodes. The transmission token
indicates data expressing a right to transmit data over the
network (a transmission right). The transmission token is
generated for each of the receiving side nodes. Hence, when
there exist plural receiving side nodes, plural transmission
tokens corresponding to the receiving side nodes circulate
between the calculation nodes. That is, one transmission
token represents a right to transmit data addressed to a calcu-
lation node N corresponding to the transmission token.

When a message (message transmitted to another calcula-
tion node N) is generated as a result of the information pro-
cessing, the generated message is buffered (accumulated)
until the transmission token corresponding to another calcu-
lation node N is received. The calculation node N that has
received the transmission token transmits parts or all of the
accumulated messages addressed to other calculation nodes
N to the other calculation nodes N. Note that the message may
be data including a result of the information processing or a
processing request addressed to another node based on the
result of the information processing.

Note that there may be a case in which latency (delay time)
from generation of a message to transmission of the message
may be restricted. In this case, if the calculation node N waits
for receiving the transmission token that may be stored by
another calculation node N, the aforementioned (delay time
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or latency) restriction may not be satisfied. Hence, such a
calculation node N may be configured to transmit a request
token in a direction opposite to the circulation direction
(transferring direction) of the transmission token. The request
token indicates data representing an acquisition request for
acquiring a transmission right addressed to a specific calcu-
lation node N. Over the network, if the request token collides
with (meets) the transmission token requested by the request
token, a priority is given to the calculation node N that is the
source of transmitting the request token.

The basic operation is described above. The transmission
token and the request token are transferred in a further com-
plicated manner based on a processing determination
executed by the calculation nodes N, as described later.

FIG. 2 is a diagram illustrating a hardware configuration
example of the calculation node N in the information process-
ing system 1 according to the embodiment. As illustrated in
FIG. 2, the calculation node N includes a drive device 100, an
auxiliary storage device 102, a memory device 103, a CPU
104, and an interface device 105, which are mutually con-
nected via a bus B.

A computer program (hereinafter simply called a “pro-
gram”) that implements processing in the calculation node N
is provided with a non-transitory recording medium 101.
When the recording medium 101 storing the program is set in
the drive device 100, the program is installed from the record-
ing medium 101 into the auxiliary storage device 102 via the
drive device 100. Note that the program may not necessarily
be installed from the recording medium 101, but may be
installed by downloading it from other computers via the
network. The auxiliary storage device 102 stores desired files,
data and the like, as well as storing the installed program.

The memory device 103 retrieves, on receiving an instruc-
tion to activate the program, the program from the auxiliary
storage device 102 and subsequently loads the retrieved pro-
gram. The CPU 104 executes functions associated with the
calculation node N based on the program loaded in the
memory device 103. The interface device 105 is utilized as an
interface for connecting the calculation node N to the net-
work.

Note that examples of the recording medium 101 include
transportable recording media such as a CD-ROM, a DVD
disk and a USB memory. Further, examples of the auxiliary
storage device 102 include a hard disk drive (HDD) and a
flash memory. The recording medium 101 and the auxiliary
storage device 102 may both correspond to a non-transitory
computer-readable recording medium.

FIG. 3 is a diagram illustrating a functional configuration
example of the calculation node N in this embodiment. As
illustrated in FI1G. 3, the calculation node N includes an infor-
mation processor 11 and a communication controller 12.

A function of the information processor 11 may, for
example, be implemented by causing the CPU 104 to execute
an application program that performs information process-
ing. The information processor 11 transmits a processing
result to another calculation node N or receives (acquires) a
processing result of the other calculation node N by utilizing
the communication controller 12. Note that the information
processor 11 utilizes the communication controller 12 via the
application program interface (API) contained in the commu-
nication controller 12.

The communication controller 12 is configured to control
communications associated with the information processing
result obtained by the formation processor 11. As illustrated
in FIG. 3, the communication controller 12 includes a buffer
manager 122, atransmitter-receiver 123, a transmission token
manager 124 and a request token manager 125. Functions of
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these components are implemented by causing the CPU 104
to execute the program installed in the calculation node N.
The communication controller 12 further includes a statistical
information storage 131, a communicational information
storage 132, a token management information storage 133, an
own-node addressed transmission token storage 134 and
another-node addressed transmission token storage 135.
These types of storage may be implemented by the auxiliary
storage device 102 or the memory device 103. The commu-
nication controller 12 further includes a buffer management
information storage 141 and a transmission buffer 142 for
each of the other nodes that is a transmission destination of
the message. These buffer management information storages
141 and the transmission buffers 142 may be implemented by
the memory device 103.

The buffer manager 122 is configured to store a message in
the transmission buffer 142 corresponding to the calculation
node N of the transmission destination of the message in
response to the transmission request of the message received
from the information processor 11. The buftfer manager 122 is
further configured to update a stored content of the buffer
management information storage 141 corresponding to the
transmission buffer 142. The transmission buffer 142 is a
storage region for accumulating (buffering) messages
addressed to the corresponding calculation node N. The
buffer management information storage 141 is configured to
store identification information of the corresponding calcu-
lation node N or a usage status of the corresponding trans-
mission buffer 142. Accordingly, the messages addressed to
other nodes are stored in the corresponding transmission buft-
ers 142 by being associated with the identification informa-
tion of the corresponding nodes.

Note that a dedicated receiving side calculation node N
may not necessarily include the buffer manager 122, the
buffer management information storage 141 and the trans-
mission buffer 142.

When the calculation node N (own-node) receives a trans-
mission token addressed to another node, the transmitter-
receiver 123 transmits parts or all of the messages stored
(accumulated) in the transmission buffer 142 to the corre-
sponding other node. The transmitter-receiver 123 also
detects reception of the message that the other node has
transmitted to itself (to the own node) and hands over the
received message to the information processor 11.

When the calculation node N is the receiving side node, the
transmission token manager 124 generates a transmission
token issued by the own node (hereinafter called an “own-
node addressed transmission token™) and circulates (trans-
fers) the generated transmission token among the calculation
nodes N. When the calculation node N is the transmitting side
node, the transmission token manager 124 requests the trans-
mitter-receiver 123 to transmit a message addressed to
another node when receiving a transmission token issued by
the other node (hereinafter called “other-node addressed
transmission token”). The request token manager 125 option-
ally generates (issues) a request token and circulates (trans-
fers) the generated request token between the calculation
nodes N. When the transmission token requested by the
request token is stored in the own node, the request token
manager 125 further records (stores) the request token corre-
sponding to the transmission token in response to a reception
of the request token.

The statistical information storage 131 is configured to
store statistical information associated with communications
controlled by the communication controller 12. The commu-
nicational information storage 132 is configured to store
information to identify a transmission destination of the
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transmission token or the request token. The token manage-
ment information storage 133 is configured to store informa-
tion indicating a circulation status (a transferring status) of
the transmission token addressed to the own node. The own-
node addressed transmission token storage 134 is configured
to store information indicating a circulation status (a trans-
ferring status) of the transmission token addressed to the own
node. That is, the own-node addressed transmission token
storage 134 serves as a queue of own-node addressed trans-
mission tokens in a transmission standby mode. Note that the
dedicated transmitting side calculation node N may not nec-
essarily include the token management information storage
133 and the own-node addressed transmission token storage
134.

When the transmission token addressed to another node is
received, the other-node addressed transmission token stor-
age 135 temporarily stores the received transmission token.

Next, a procedure executed by the calculation node N inthe
information processing system 1 is described below. Note
that in this embodiment, each of the calculation nodes N
serves as a transmitting side node and a receiving side node,
simultaneously.

FIG. 4 is a flowchart illustrating an example of a procedure
of initializing the communication controller 12. The proce-
dure illustrated in FIG. 4 may be executed when the commu-
nication controller 12 is activated.

In step S101, the buffer manager 122 initializes the trans-
mission buffer 142 and the buffer management information
storage 141 of each of the other nodes. For example, each of
the transmission buffers 142 and a memory region of each of
the buffer management information storages 141 are secured
in the memory device 103, and an initial value is recorded in
the buffer management information storage 141.

FIG. 5 is a diagram illustrating a configuration example of
the buffer management information storage 141. As illus-
trated in FIG. 5, the buffer management information storage
141 is configured to store a target node, a buffer usage, a
transmission message length history, an input message length
history, a transmission token arrival time history, an expected
request token transmission time history, a latency history and
a maximum allowable latency.

The target node indicates an identifier of the corresponding
calculation node N (hereinafter simply called a “node identi-
fier”). The buffer usage is usage of the corresponding trans-
mission buffer 142. That is, the buffer usage is a total value of
data sizes (i.e., message lengths) of the messages stored (ac-
cumulated) in the corresponding transmission buffer 142.
The transmission message length history is a combined his-
tory ofthe message lengths of the messages transmitted in the
past and respective transmission times of those transmitted
messages. Hence, the message length transmitted per unit
time (i.e., the transmission rate of the message (transmission
throughput of the message)) may be obtained from the trans-
mission message length history. The input message length
history is a combined history of the message lengths of the
messages input from the information processor 11 (i.e., trans-
mission of the message is requested) and input times of those
input messages (i.e., transmission requested times). Hence,
the message length input per unit time (i.e., the input rate of
the message (reception throughput of the message)) maybe
obtained from the input message length history.

The transmission token arrival time history is a history of
arrival times (received times) of the transmission tokens
addressed to the other node corresponding to the buffer man-
agement information storage 141. Note that each of the cal-
culation nodes Ns (each of the receiving side nodes) may
generate plural own-node addressed transmission tokens.
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Accordingly, the transmission token arrival time history
includes IDs of arrived transmission tokens and arrival times
of the arrived transmission tokens for identifying the arrival
time per the transmission token.

The expected request token transmission time history is a
history of transmission times of the request tokens addressed
to the other node corresponding to the buffer management
information storage 141. The latency history is a history of
latency from a time at which the request token is transmitted
to the other node corresponding to the buffer management
information storage 141 to a time at which the transmission
token addressed to the other node is received. The maximum
allowable latency corresponds to a maximum allowable value
as latency (delay time) from a time at which the message is
input (i.e., when the transmission request of the message is
received) to a time at which the message is transmitted (out-
put).

Note that in step S101, the target node records a node
identifier of the calculation node N corresponding to the
buffer management information storage 141. A value “0” is
recorded in the buffer usage. A setting value stored in advance
in the auxiliary storage device 102 is recorded in the maxi-
mum allowable latency. The setting value may be different for
each of the calculation nodes N or may be the same for all the
calculation nodes N. Further, contents of the transmission
message length history, the input message length history, the
transmission token arrival time history, the expected request
token transmission time history and the latency history are
blanked.

Subsequently, the transmitter-receiver 123 initializes the
statistical information storage 131 (step S102). For example,
a memory region of the statistical information storage 131 is
secured in the memory device 103, and an initial value is
recorded in the statistical information storage 131.

FIG. 6 is a diagram illustrating a configuration example of
the statistical information storage 131. As illustrated in FIG.
6, the statistical information storage 131 is configured to store
a transmission throughput history and a reception throughput
history. The transmission throughput history is a combined
history of transmission throughputs per certain period and
delimiting times of the certain periods. In this embodiment,
the certain period is delimited based on a timing at which the
message is transmitted. Accordingly, the certain periods may
not necessarily be constant. The reception throughput history
is a combined history of reception throughputs per certain
period and delimiting times of the certain periods. In this
embodiment, the certain period is delimited based on a timing
at which the message is received. Accordingly, the certain
periods may not necessarily be constant. Note that there are
no discriminations between transmission destinations in the
transmission throughput history.

In step S102, the contents of the transmission throughput
history and the reception throughput history are blanked.

Subsequently, the transmitter-receiver 123 may read node
list information, for example, from the auxiliary storage
device 12 and may record the read node list information in the
communication information storage 132 (step S103).

FIG. 7 is a diagram illustrating a configuration example of
the communication information storage 132. As illustrated in
FIG. 7, the communication information storage 132 includes
respective items of node list information, a transmission
token destination and a request token destination.

The node list information indicates a list of node identifiers
of the calculation nodes N associated with the information
processing system 1. In communications, if the calculation
nodes N are identifiable by their IP addresses, the IP
addresses may preferably be utilized as the node identifiers.
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The node list information further indicates an order relation
between the calculation nodes N associated with the circula-
tion of the transmission token or the request token. For
example, the node list information includes the node identi-
fiers of the calculation nodes N in the aforementioned order
relation between the calculation nodes N. The order relation
represents an order relation in the aforementioned virtual ring
topology.

The transmission destination of the transmission token
may be the node identifier of the calculation node N as the
transmission destination addressed from the own node (own
calculation node N). The transmission destination of the
transmission token may be the node identifier of the calcula-
tion node N that serves as the transmission destination
addressed from the own node (own calculation node N).

Subsequently, the transmitter-receiver 123 sets respective
values for a transmission token destination and a request
token destination of the communication information storage
132 (step S104). For example, a node identifier of a calcula-
tion node N located subsequent to the own node (own calcu-
lation node N) in the order relation indicated by the node list
information is set as the transmission token destination.
Meanwhile, a node identifier of a calculation node N located
prior to the own node (own calculation node N) in the order
relation indicated by the node list information is set as the
request token destination. In this case, transferring directions
of the transmission token and the request token are mutually
opposite directions.

Subsequently, the transmission token manager 124
executes initialization-processing (step S105).

Next, a detail of step S105 is described. FIG. 8 is a flow-
chart illustrating an example of a procedure of initialization
processing performed by the transmission token manager
124. The dedicated transmitting side nodes N may not nec-
essarily execute the processing illustrated in FIG. 8.

In step S111, the transmission token manager 124 initial-
izes the token management information storage 133. For
example, a memory region of the token management infor-
mation storage 133 is secured in the memory device 103, and
an initial value is recorded in the token management infor-
mation storage 133.

FIG. 9 is a diagram illustrating a configuration example of
the token management information storage 133. As illus-
trated in FIG. 9, the token management information storage
133 includes respective items of a number of issued tokens, an
expected token transmission time, a transmission time history
and a reception time history.

The number of issued tokens indicates the number of cur-
rently issued transmission tokens addressed to the own node.
As will be described later, the number of issued tokens
addressed to the own node is adjusted according to the com-
munication status. In the initialization processing, a value “0”
is recorded in the number of issued tokens. The expected
token transmission time indicates an expected transmission
time at which a transmission token addressed to the own node
is expected to be transmitted. The transmission time history is
a combined history of transmission times of the transmission
tokens received by the own node in the past and IDs of the
transmission tokens. The reception time history is a combined
history of reception times of the transmission tokens received
by the own node in the past and IDs of the transmission
tokens. For example, in the transmission time history and the
reception time history, a time required for circulating the
transmission token associated with the ID (one) in the virtual
ring topology may be calculated based on the transmission
time and the reception time having the associated ID.
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Subsequently, the transmission token manager 124 gener-
ates one transmission token addressed to the own node (step
S112). The transmission token manager 124 adds a value “1”
corresponding to the number of issued tokens in the token
management information storage 133 in response to the gen-
eration of the transmission token.

FIG.101s a diagram illustrating a configuration example of
the transmission token. As illustrated in FIG. 10, the trans-
mission token includes respective items of an 1D, a target
node, a maximum allowable transfer length, a total transfer
amount, a required circulation time history, a request token
list, a buffer shortage level per node, another-node addressed
data amount per node and a maximum allowable latency
shortage level per node.

The ID represents identifiers for identifying each of the
transmission tokens. The target node represents a node iden-
tifier of the calculation node N determined as a transmission
destination of the message determined based on a transmis-
sion right given by the transmission token. That is, the target
node represents a node identifier of the calculation node N as
atransmission token issuing source. The total transfer amount
represents a total amount of messages transmitted based on
the corresponding transmission tokens while circulating the
transmission token once in the virtual ring topology. The
required circulation time history represents a history of times
required for the transmission token to circulate once in the
virtual ring topology. The request token list is an item for
storing the request token that desires to acquire the transmis-
sion token.

The buffer shortage level per node is a shortage level (de-
gree) of the transmission buffer 142 corresponding to each of
the calculation nodes N excluding the target node having the
transmission right. The other-node addressed data amount per
node is a total amount of usage of all the transmission buffers
142 ofthe other calculation nodes N excluding the target node
having the transmission right. The maximum allowable
latency shortage level per node is a shortage level (degree) of
the maximum allowable latency associated with the messages
accumulated in the transmission buffer 142 corresponding to
the target node in each of the calculation nodes N excluding
the target node having the transmission right. That is, the
maximum allowable latency shortage level per node indicates
a shortage level in a remaining time corresponding to the
maximum allowable latency in each of the calculation nodes
N.

Subsequently, the transmission token manager 124 stores
(registers) the generated transmission token addressed to the
own node in the own-node addressed transmission token stor-
age 134 (step S113). The own-node addressed transmission
token storage 134 may, for example, be configured to store the
transmission token in a queue structure such as a first-in
first-out (FIFO) structure.

Subsequently, the transmission token manager 124
acquires the oldest transmission token from the own-node
addressed transmission token storage 134 and requests the
transmitter-receiver 123 to transmit the oldest transmission
token (step S114). Note that in this example, only one trans-
mission token is stored in the own-node addressed transmis-
sion token storage 134, and hence, the transmission token
manager 124 requests the transmitter-receiver 123 to transmit
the transmission token registered in step S113. In response to
such a request, the transmitter-receiver 123 transmits the
transmission token associated with the request to the calcu-
lation node N associated with the node identifier set as the
transmission token destination in the communicational infor-
mation storage 132.
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Subsequently, the transmission token manager 124 sets a
value for the expected token transmission time of the token
management information storage 133 (step S115). The
expected token transmission time may, for example, be the
current time or a time obtained by adding a predetermined
time to the current time.

Subsequently, the transmission token manager 124 acti-
vates a timer function for reporting the expected token trans-
mission time (step S116). The timer function is configured to
monitor an elapsed time and transmit a notice of arrival of a
specified time (i.e., the expected token transmission time) to
the transmission token manager 124.

Subsequently, initialization processing performed on the
information processor 11 is described. FIG. 11 is a flowchart
illustrating an example of a procedure of initializing the infor-
mation processor 11. The procedure illustrated in FIG. 4 may
be executed when the information processor 11 is activated.

In step S121, the information processor 11 requests the
communication controller 12 to register a receiving callback
function viathe AP1 121 (step S121). The transmitter-receiver
123 of the communication controller 12 stores an address of
the receiving callback function specified in the request in the
memory device 103. The receiving callback function is con-
figured to be retrieved by the transmitter-receiver 123 when
the own node detects the reception of a message from another
node. Accordingly, the information processor 11 may be
capable of detecting the reception of the message by the
retrieval of the receiving callback function.

Subsequently, the information processor 11 requests the
communication controller 12 to register a receiving buffer via
the API 121 (step S122). The transmitter-receiver 123 of the
communication controller 12 stores an address of the receiv-
ing buffer specified in the request in the memory device 103.
The receiving buffer is a storage region utilized for transmit-
ting the received message to the information processor 11.

Subsequently, the information processor 11 requests the
communication controller 12 to register a maximum allow-
able latency via the API 121 (step S123). The buffer manager
122 of the communication controller 12 records a value of the
maximum allowable latency specified in the request in the
maximum allowable latency of the buffer management infor-
mation storage 141. Note that when the information processor
11 specifies the maximum allowable latency upon requesting
the transmission of the message, the execution of step S123
may be omitted.

After the termination of the initialization processing, the
information processor 11 may execute information process-
ing such as the co-occurrence frequency analysis based on
input data stored in the auxiliary storage device 102. When
the information processor 11 desires to transmit data (mes-
sage) as a result of the information processing to another
calculation node N, the information processor 11 requests the
communication controller 12 to transmit such a message
(data).

Next, a procedure executed by the communication control-
ler 12 in response to the transmission request of the message
from the information processor 11 is described.

FIG. 12 is a flowchart illustrating an example of a proce-
dure executed on receiving a transmission request of the
message. The dedicated receiving side nodes N may not nec-
essarily execute the processing illustrated in FIG. 12.

In step S131, the communication controller 12 receives the
transmission request of the message from the information
processor 11 via the API 121 (step S121). This transmission
request specifies the message subject to transmission and the
node identifier of the destination calculation node N (i.e., the
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transmission destination node). The transmission request
may further specify the maximum allowable latency corre-
sponding to the message.

Subsequently, the buffer manager 122 records (copies) the
message specified by the transmission request in the trans-
mission buffer 142 corresponding to the transmission node
specified by the transmission request by associating the mes-
sage with information indicating the current time (step S132).
The current time is hereinafter called a “transmission request
time”. Note that when the maximum allowable latency is
specified in the transmission request, the maximum allowable
latency may also be recorded in the transmission buffer 142
by associating the maximum allowable latency with the mes-
sage. Further, when another message is already stored in the
transmission buffer 142, the message associated with the
current transmission request is recorded subsequent to the
other message stored in the transmission buffer 142. Accord-
ingly, the transmission buffer 142 accumulates messages
specified in one or more transmission requests.

Note that when the API 121 utilized for receiving the
transmission request receives a pointer (i.e., an address) of a
memory region that stores the message subject to transmis-
sion and a message length as respective parameters (argu-
ments), the pointer and the message length may be stored in
the transmission buffer 142. That is, in this case, the trans-
mission buffer 142 may store not an entity of the message but
information that specifies a memory region into which the
information processor 11 has stored the message.

Subsequently, the buffer manager 122 updates a content of
the buffer management information storage 141 correspond-
ing to the transmission destination node. Specifically, the
message length (i.e., data size) specified in the transmission
request is added to the buffer usage. Further, a combination of
the message length of the message and the current time is
added to the input message length history.

Subsequently, the buffer manager 122 determines whether
the buffer usage is equal to or less than a threshold a (step
S134). The threshold a may, for example, be computed by the
following equation (1).

THRESHOLD ¢=BUFFER SIZExSAFETY COEFFI-

CIENT o)

The buffer size indicates a data size (the message length)
capable of being stored in the transmission buffer 142 corre-
sponding to the transmission destination node. The safety
coefficient indicates a coefficient utilized for preventing the
messages having the length (size) exceeding the buffer size
from being recorded in the transmission buffer 142. That is,
the safety coefficient is utilized for keeping the buffer usage
within a predetermined amount. Hence, the safety coefficient
may have a value greater than 0 and less than 1 (e.g., 0.6).

That is, in step S134, whether a shortage level of the trans-
mission buffer 142 corresponding to the transmission desti-
nation node equals or exceeds a predetermined level is deter-
mined.

Alternatively, the threshold a may be computed by the
following equation (2).

THRESHOLD ¢=BUFFER SIZE-MEAN TRANS-

MISSION THROUGHPUTxMEAN

REQUIRED CIRCULATION TIME 2)

The mean transmission throughput is a mean value of the
transmission throughput history of the statistical information
storage 131 illustrated in FIG. 6. The mean required circula-
tion time is a mean value of a time or duration required for
circulating (one circulation) the transmission token corre-
sponding to the transmission destination node in the virtual
ring topology. The mean required circulation time may, for
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example, be computed based on the transmission token
arrival time history of the buffer management information
storage 141 (FIG. 5) corresponding to the transmission des-
tination node. That is, each of interval times between the
adjacent arrival times contained in the transmission token
arrival time history is defined as a required circulation time
for circulating a transmission token (once) in the virtual ring
topology, and hence, the mean value is computed by averag-
ing such internal times. Note that when the transmission
token arrival time history includes arrival times of the plural
transmission tokens, an interval time between the adjacent
arrival times (circulation time) may be computed for each of
the transmission tokens. Thereafter, a mean value may be
computed by averaging all the circulation times regardless of
the transmission tokens.

Further, the thresholds a computed by the equations (1) and
(2) may be compared with the buffer usage. In this case, when
the buffer usage exceeds any one of the thresholds a, the
buffer usage may be determined as exceeding the threshold a.

Note that the equations (1) and (2) are only examples.
When the shortage level of the transmission buffer 142 cor-
responding to the transmission destination node is identifi-
able, the threshold a may be computed by other equations.

When the buffer usage is equal to or less than the threshold
a (“YES” in step S134), the buffer manager 122 determines
whether an elapsed time from the transmission request time
associated with the oldest message recorded in the transmis-
sion buffer 142 is equal to or less than a threshold b (step
S135). The threshold b may, for example, be computed by the
following equation (3)

THRESHOLD 5=MAXIMUM ALLOWABLE

LATENCYxSAFETY COEFFICIENT 3)

The maximum allowable latency may be a maximum allow-
able latency stored in the buffer management information
storage 141 or a maximum allowable latency associated with
the oldest message recorded in the buffer of the transmission
destination node. The safety coefficient indicates a coefficient
utilized for transmitting the message within the maximum
allowable latency by taking into account of duration until the
transmission token addressed to the transmission destination
node is received.

That is, in step S135, a shortage level of the maximum
allowable latency representing how close to a transmission
time limit of the message corresponding to the transmission
destination node it would be is determined.

Alternatively, the threshold b may be computed by the
following equation (4).

THRESHOLD 5=MAXIMUM ALLOWABLE

LATENCY-MEAN REQUIRED CIRCULA-

TION TIME )

Each of the thresholds b computed by the equations (3) and
(4) may be compared with the elapsed time from the trans-
mission request time. In this case, when the elapsed time
exceeds any one of the thresholds b, the elapsed time may be
determined as exceeding the threshold b.

Note that the equations (3) and (4) are only examples.
When the shortage level of the maximum allowable latency
representing how close to a transmission time limit of the
message corresponding to the transmission destination node
it would be is identifiable, the threshold b may be computed
by other equations.

When the above elapsed time is equal to or less than the
threshold b (“YES” in step S135), the processing illustrated in
FIG. 12 may be terminated. On the other hand, when the
buffer usage exceeds the threshold a (“NO” in step S134), or
when the above elapsed time exceeds the threshold b (“NO”
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in step S135), the buffer manager 122 specifies the node
identifier of the transmission destination node and requests
the request token manager 125 to issue the request token. In
response to the request, the request token manager 125
executes issuing processing of the request token (step S136).
As described above, the request token may be issued when
free space of the transmission buffer 142 is in shortage, or
when the transmission time limit of the message is close to the
due.

Next, a detail of step S136 is described. FIG. 13 is a
flowchart illustrating an example of a procedure of issuing a
request token. The dedicated receiving side nodes N may not
necessarily execute the processing illustrated in FIG. 13.

In step S141, the request token manager 125 generates a
request token.

FIG. 14 is a diagram illustrating a configuration example of
the request token. As illustrated in FIG. 14, the request token
includes respective items of an ID, a target node, an issuing
source node and a transmission request elapsed time.

The ID indicates an identifier for identifying the associated
transmission token. The target node indicates a node identi-
fier of the calculation node N determined as a transmission
destination of the transmission token intended to be acquired
by the request token. The issuing source node indicates a node
identifier of the calculation node N as a request token issuing
source (i.e., a request token generating source). The transmis-
sion request elapsed time indicates an elapsed time from the
transmission request time of the oldest message in the trans-
mission buffer 142 corresponding to the target node.

The target node generated in step S141 records the node
identifier of the transmission destination node specified in a
request token issuing request from the buffer manager 122.
The target node also records the node identifier of the own
node as a transmission source node. Further, the transmission
request elapsed time records an elapsed time from the trans-
mission request time of the oldest message in the transmis-
sion buffer 142 corresponding to the transmission destination
node specified in the request token issuing request from the
buffer manager 122.

Subsequently, the request token manager 125 requests the
transmitter-receiver 123 to transmit the generated request
token. The transmitter-receiver 123 transmits the request
token to the calculation node N associated with the node
identifier set as a request token destination in the communi-
cational information storage 132 (step S142). Subsequently,
the request token manager 125 updates a content of the buffer
management information storage 141 (FIG. 5) corresponding
to the target node of the request token (step S143). Specifi-
cally, a request token transmission history records a combi-
nation of an ID of the transmitted token and the current time.

Next, a procedure executed when the transmission token
addressed to another node is received is described. FIG. 15 is
aflowchart illustrating an example of a procedure executed in
response to reception of the other-node addressed token. The
dedicated receiving side nodes N may not necessarily execute
steps S151 to S160 illustrated in FIG. 15.

Subsequently, when the other-node addressed transmis-
sion token is received, the transmission token manager 124
stores the received the other-node addressed transmission
token in the other-node addressed transmission token storage
135 (step S151). That is, the other-node addressed transmis-
sion token is temporarily retained in the own node.

Subsequently, the transmission token manager 124 updates
a recorded content of the buffer management information
storage 141 (FIG. 5) corresponding to the other node (may
also be called a “transmission destination node”) (step S152).
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That is, the current time is added to the transmission token
arrival time history of the buffer management information
storage 141.

Subsequently, the transmission token manager 124 deter-
mines whether the request token list of the received transmis-
sion token includes a request token issued by the calculation
nodes (other nodes) other than the ownnode (step S153). That
is, the transmission token manager 124 determines whether
there is any other node that urgently requires transmission of
a message to the transmission destination node. Note that
whether the request token is issued by the other node or the
own node may be identifiable by referring to the issuing
source node within the request token (FIG. 14).

When no request token issued by the other node is found in
the request token list corresponding to the transmission
tokens (“YES” in step S153), the transmission token manager
124 determines whether a transmission condition is satisfied
by referring to the buffer management information storage
141 corresponding to the transmission destination node (step
S154). The transmission condition indicates a condition that
allows the transmission of a message stored in the transmis-
sion buffer 142 corresponding to the transmission destination
node.

In this embodiment, the transmission condition includes
first to fourth conditions. The first and the second conditions
represent an active condition, and the third and the fourth
conditions represent a passive condition. The active condition
is satisfied when anyone of the first and second conditions is
satisfied. The passive condition is satisfied when the first and
second conditions are both satisfied. The transmission condi-
tion is eventually satisfied when the active condition and the
passive condition are both satisfied. Note that the transmis-
sion condition may alternatively be satisfied when any one of
the active condition and the passive condition is satisfied. In
addition, the active condition may include any one of the first
and second conditions. Likewise, the passive condition may
include any one of the third and fourth conditions.

Specific contents of the first to the fourth conditions are as
follows.

First condition: the buffer usage corresponding to the trans-
mission destination node exceeds a minimum buffering
amount per node.

Second condition: time (duration) computed by the maxi-
mum allowable latencyxthe safety coefficient has elapsed
with respect to the forefront message.

Third condition: there is no other node having the buffer
shortage level higher than that of the own node with respect to
the transmission buffer 142 corresponding to the transmis-
sion destination node.

Fourth condition: there is no other node having the maxi-
mum allowable latency shortage level higher than that of the
own node with respect to the message addressed to the trans-
mission destination node.

The first condition indicates the transmission buffer 142
accumulating an amount of messages that exceeds a prede-
termined amount of the messages (the minimum buffering
amount per node). The message length per transmission may
be increased by allowing the transmission of the message
when the first condition is satisfied. Note that the minimum
buffering amount per node is a lowest value of the accumu-
lated amount of the messages that is set in advance corre-
sponding to each of the other nodes in the own node (e.g.,
stored in the auxiliary storage device 102). The minimum
buffering amount per node may be a common value that is
shared by all the other nodes.

The second condition is set for transmitting the message
within the maximum allowable latency. A forefront message
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indicates the oldest message accumulated in the transmission
buffer 142. The maximum allowable latency may employ a
value per message when the maximum allowable latency is
specified per message. Otherwise, the maximum allowable
latency may employ a value corresponding to the maximum
allowable latency of the buffer management information stor-
age 141. Note that the safety coefficient is utilized for not
allowing a message transmission time to exceed the maxi-
mum allowable latency. Accordingly, the safety coefficient
may have a value greater than 0 and less than 1 (e.g., 0.6).

The third condition is set for preventing a remaining
amount of the transmission buffer 142 in the other node from
being depleted by giving a priority to the other node to trans-
mit the message addressed to the transmission destination
node when there is another node having a shortage level of the
transmission buffer 142 higher than that of the own node. The
buffer shortage level of the own node may, for example, be
computed by dividing the current buffer usage of the trans-
mission buffer 142 corresponding to the transmission desti-
nation buffer 142 by a size of the transmission buffer 142. The
buffer shortage level of the other node may be acquired from
the buffer shortage level per node in the transmission token.
Note that when the transmission buffers 142 of all the trans-
mitting side nodes have the same size, a common value is
applied to a denominator in the equation used for computa-
tion of the buffer shortage level. Hence, the buffer usages may
simply be compared in this case. That is, the third condition
may be replaced with a condition in which “there is no other
node having the buffer usage greater than that of the own node
with respect to the transmission buffer 142 corresponding to
the transmission destination node”.

The fourth condition is set for preventing occurrence of
delay in transmission of the message addressed to the trans-
mission destination node by giving a priority to the other node
to transmit the message addressed to the transmission desti-
nation node when there is another node having a shortage
level of the maximum allowable latency higher than that of
the own node. The shortage level of the maximum allowable
latency of the own node may, for example, be computed by
dividing an elapsed time from an input time of inputting the
forefront message to the current time by the maximum allow-
able latency. The buffer shortage level of the other node may
be acquired from the maximum allowable latency shortage
level per node in the transmission token. Note that when the
transmission buffers 142 of all the transmitting side nodes
have the same maximum allowable latency, a common value
is applied to a denominator in the equation used for compu-
tation of the maximum allowable latency shortage level.
Hence, the elapsed times may simply be compared in this
case. That is, the fourth condition may be replaced with a
condition in which “there is no other node having the elapsed
time longer than that of the own node with respect to the
message addressed to the transmission destination node”.

Subsequently, the transmission token manager 124
requests the transmitter-receiver 123 to transmit the message
stored in the transmission buffer 142 corresponding to the
transmission destination addressed message to the transmis-
sion destination node (step S155). The message length of the
message to be transmitted may be determined as a smaller one
of the buffer usage of the transmission buffer 142 and the
maximum allowable transfer length of the transmission
token. That is, the message length of the message to be trans-
mitted may be limited within a range of the maximum transfer
length allowed by the transmission destination node. Such a
limitation is set for avoiding the congestion in communica-
tions corresponding to the transmission destination node.
Thus, messages having the message length falling within the
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message length range from the forefront message may be
specified in the request addressed to the transmitter-receiver
123 in the transmission buffer 142. The transmitter-receiver
123 transmits a specified message to the transmission desti-
nation node. The transmitter-receiver 123 updates a transmis-
sion throughput history in the statistical information storage
131 in response to the transmission of the message. Specifi-
cally, the transmission throughput from the transmission time
of the previous message to the transmission time of the cur-
rent message may be computed by dividing the message
length of the currently transmitted message by a difference
between a time recorded at the end of the transmission
throughput history and a current time. A combination of the
computed transmission throughput and the current time is
added to the transmission throughput history.

Subsequently, the transmission token manager 124 updates
a content of the buffer management information storage 141
corresponding to the transmission destination node (step
S156). Specifically, the message length of the message trans-
mitted in step S155 is subtracted from the buffer usage of the
buffer management information storage 141. Further, a com-
bination of the message length and the current time is added
to the transmission message length history.

Subsequently, the transmission token manager 124 deter-
mines whether the request token list of the received transmis-
sion token includes a request token issued by the own node
(step S157). When the request token list of the received trans-
mission token includes the request token (“YES” in step
S157), the transmission token manager 124 executes steps
S158 and S159.

In step S158, the transmission token manager 124 deletes
the request token issued by the own node from the request
token list corresponding to the transmission tokens. The
request token issued by the own node is deleted from the
request token list corresponding to the transmission tokens
because the request token is no more necessary due to the
successful transmission of the message in step S155. Subse-
quently, the transmission token manager 124 updates a stored
content of the buffer management information storage 141
corresponding to the transmission destination node (step
S159). Specifically, the elapsed time from the transmission
time of the request token to the reception time of the trans-
mission token is added to the latency history of the buffer
management information storage 141. The transmission time
of' the request token corresponds to a time recorded at the end
of'the expected request token transmission time history in the
buffer management information storage 141.

When “NO” is selected in step S159, S153, S154 or S157,
the transmission token manager 124 updates a content of the
received transmission token (FIG. 10) (step S160). Specifi-
cally, the transmission token manager 124 updates the own-
node buffer shortage level, the other-node addressed data
amount, and the maximum allowable latency shortage level in
the buffer shortage level per node, the other-node addressed
data amount per node, and the maximum allowable latency
shortage level per node of the transmission token. The com-
putational methods of the buffer shortage level and the maxi-
mum allowable latency shortage level are already described
above. The other-node addressed data amount corresponds to
a total amount of the buffer usages of all the transmission
buffers 142 in the own node. Further, when the transmission
of'the message is executed (step S155), the message length of
the transmitted message is added to a total transfer amount of
the transmission tokens.

Subsequently, the transmission token manager 124
requests the transmitter-receiver 123 to transfer the transmis-
sion token (step S161). At this moment, the transmission
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token is deleted from the other-node addressed transmission
token storage 135. In response to such a request, the trans-
mitter-receiver 123 transmits the transmission token associ-
ated with the request to the calculation node N associated with
the node identifier set as the transmission token destination in
the communicational information storage 132.

Note that when a request token issued by the other node is
found in the request token list corresponding to the transmis-
sion tokens, the transmission token manager 124 may request
the transmitter-receiver 123 to transmit (transfer) the trans-
mission token by specifying the node identifier of the issuing
source node of the request token in step S161. In this case, the
transmitter-receiver 123 transmits the transmission token to
the calculation node N associated with the specified node
identifier. Specifically, the transmission token will not circu-
late in the virtual ring topology but be directly transferred to
the issuing source node. As a result, it may be possible to
quicken the arrival time of the transmission token at the
issuing source node.

Next, a procedure executed when the transmission token
issued by another node serving as issuing source node is
received is described. FIG. 16 is a flowchart illustrating an
example of a procedure executed when the request token is
received.

When the request token issued by the other node serving as
an issuing source node is received, the request token manager
125 determines whether the transmission token correspond-
ing to the request token is retained (step S1171). That is, the
request token manager 125 determines whether the transmis-
sion token having a target node that matches a target node of
the request token (FIG. 14) is stored in the other-node
addressed transmission token storage 135.

When such a transmission token is stored in the other-node
addressed transmission token storage 135 (“YES” in step
S171), the request token manager 125 adds (records) the
request token to the request token list corresponding to the
transmission tokens (step S125). In this case, the request
token is transferred while being attached to the transmission
token in step S161 illustrated in FIG. 15. Note that when one
or more other request tokens are already contained in the
request token list corresponding to the transmission tokens,
the request token manager 125 may sort the request token list
in the order sorted based on the order relationship when the
own node is located at a forefront of the nodes in the virtual
ring topology.

On the other hand, when the corresponding transmission
token is not stored in the other-node addressed transmission
token storage 135 (“NO” in step S171), the request token
manager 125 requests the transmitter-receiver 123 to transfer
the request token (step S173). In response to such a request,
the transmitter-receiver 123 transmits the request token to the
calculation node N associated with the node identifier set as
the transmission token destination in the communicational
information storage 132.

Accordingly, when the request token meets the transmis-
sion token addressed to the target node in a certain node, the
request token is stored in the transmission token.

Next, a procedure executed when the transmission token
addressed to the own node is received is described. FIG. 17 is
aflowchart illustrating an example of a procedure executed in
response to reception of the own-node addressed token. The
dedicated transmitting side nodes N may not execute the
processing illustrated in FIG. 17.

When the own-node addressed transmission token is
received, the transmission token manager 124 updates a
stored content of the token management information storage
133 (step S181). Specifically, a combination of an ID of the
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transmission token and the current time (i.e., the reception
time of the transmission token) is added to the reception time
history.

Subsequently, the transmission token manager 124 com-
putes a time required for the transmission token to circulate
once in the virtual ring topology (i.e., required circulation
time) (step S182). The required circulation time is computed
by subtracting the last transmission time associated with an
ID of the transmission token recorded in the transmission
time history of the token management information storage
133 from the last reception time associated with an ID of the
transmission token recorded in the reception time history.
Note that the computed required circulation time is added to
the required circulation time history of the transmission
token.

Subsequently, the transmission token manager 124 deter-
mines whether a current required circulation time exceeds a
predetermined upper limit of the required circulation time set
in advance (step S183). When the current required circulation
time exceeds the upper limit (“YES” in step S183), the trans-
mission token manager 124 generates a new transmission
token addressed to the own node (step S184). Initial values of
the items contained in the newly generated transmission
token are already described in step S112 above. Note that an
1D of the newly generated transmission token differs from the
ID of the received transmission token. Subsequently, the
transmission token manager 124 adds 1 to the number of
issued transmission tokens of the token management infor-
mation storage 133 (step S185). This is because the number of
issued own-node addressed transmission tokens is increased
(by 1) due to the newly generated transmission token.

Note that the reason that the number of the own-node
addressed transmission tokens is increased when the required
circulation time exceeds the upper limit of the required cir-
culation time is to decrease the latency (delay) associated
with the message addressed to the own node. That is, the fact
that the required circulation time exceeds the upper limit of
the required circulation time indicates that there is a large
number of other nodes that transmit the messages addressed
to the own nodes. The more the other nodes that transmit the
messages to the own nodes, the more often the own-node
addressed transmission tokens may be retained by the other
nodes. As aresult, a circulation rate of the transmission token
maybe reduced. In such a condition, the waiting time until the
other nodes desired to transmit the messages addressed to the
ownnodes actually transmit the corresponding messages may
be increased. That is, the latency relating to the transmission
of'the message becomes large. Hence, such waiting time may
be desirably reduced by increasing the number of the own-
node addressed transmission tokens. For example, when the
own-node addressed transmission token is increased from 1
to 2, and an interval between the two transmission tokens
corresponds to half the distance of the virtual ring topology,
the waiting time until the own-node addressed message is
transmitted may theoretically be halved.

On the other hand, when the current required circulation
time is equal to or less than the upper limit (“NO” in step
S183), the transmission token manager 124 determines
whether the current required circulation time is less than a
predetermined lower limit of the required circulation time set
in advance (step S186). When the current required circulation
time is less than the lower limit (“YES” in step S186), the
transmission token manager 124 determines whether the
number of issued transmission tokens in the token manage-
ment information storage exceeds 1 (step S187). That is, the
transmission token manager 124 determines whether two or
more own-node addressed transmission tokens are generated.
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When the number of issued transmission tokens exceeds 1
(“YES” in step S187), the transmission token manager 124
subtracts 1 from the current number of issued transmission
tokens (step S188). Subsequently, the transmission token
manager 124 discards the received transmission token (step
S189) and terminates the processing illustrated in FIG. 17. As
a result, the transferring of the transmission token is termi-
nated.

That is, the fact that the current required circulation time is
less than the lower limit indicates that there are an excessive
number of the own-node addressed transmission tokens cor-
responding to the number of the other nodes desired to trans-
mit the messages addressed to the own nodes. Hence, the
number of the own-node addressed transmission tokens may
be desirably reduced back to an appropriate value by reducing
the number of the own-node addressed transmission tokens.

Note that the upper limit and the lower limit may be com-
puted by multiplying a maximum reference value and a mini-
mum reference value set in advance per calculation node N by
a total number of the calculation nodes N in the information
processing system 1. In this case, the maximum reference
value per calculation node N may be computed, for example,
by “the maximum allowable latencyxthe safety coefficient”.
The minimum reference value per calculation node N may be
computed, for example, by “the maximum reference valuex
the safety coefficient”. Alternatively, the upper limit and the
lower limit may be computed based on mutually different
methods.

When “NO” is selected in step S186 or S187, the transmis-
sion token manager 124 computes the maximum allowable
transfer length per own-node addressed transmission token
(step S190). Specifically, the transmission token manager 124
computes the maximum allowable transfer length such that
“the number of issued transmission tokensxthe maximum
allowable transfer length” has a constant value. That is, the
transmission token manager 124 computes the maximum
allowable transfer length per own-node addressed transmis-
sion token by the following computation.

MAXIMUM ALLOWABLE TRANSFER LENGTH
PER OWN-NODE ADDRESSED TRANSMIS-
SION TOKEN=PREDETERMINED
VALUE+NUMBER OF ISSUED TRANSMIS-
SION TOKENS

The predetermined value indicates a value set as the maxi-
mum allowable transfer length of the transmission token
when the first own-node addressed transmission token is gen-
erated. The generated value is set as the maximum allowable
transfer length (FIG. 10) of the own-node addressed trans-
mission token. Further, when the new transmission token is
generated in step S184, the generated value is set as the
maximum allowable transfer length of the newly generated
transmission token.

Note that when “NO” is selected in step S186, the number
ofissued own-node addressed transmission tokens will not be
increased or decreased in response to the reception of the
current transmission token. In this case, the maximum allow-
able transfer length is also computed. This is because the
number of issued transmission tokens may have already been
increased or decreased when another own-node addressed
transmission token is received prior to reception of the current
transmission token. That is, it may be difficult to update the
maximum allowable lengths of all the own-node addressed
transmission tokens simultaneously since there are chrono-
logical differences between the arrival times of the own-node
addressed transmission tokens. Hence, the maximum allow-
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able transfer length is set for the own-node addressed trans-
mission token every time the own-node addressed transmis-
sion token is received.

Note that when the received transmission token is dis-
carded in step S189, there is no transmission token for which
the maximum allowable transfer length is subject to being set.
Accordingly, it may not be necessary to compute the maxi-
mum allowable transtfer length. Hence, the maximum allow-
able transfer length will be changed based on the decrease in
the number of issued transmission tokens due to the discard-
ing of the transmission token when step S190 is executed for
the subsequently received own-node addressed transmission
token.

Accordingly, it may be possible to prevent congestion in
the communication corresponding to the won node or an
increase in the latency of the communication corresponding
to the own node by adjusting the maximum allowable transfer
length of each of the transmission tokens in response to the
increase or decrease in the number of issued own-node
addressed tokens. That is, if the maximum allowable transfer
length of each of the transmission tokens has not been
changed and remains unchanged in response to the increase in
the number of issued transmission tokens, the amount of
own-node addressed messages may exceed the capacity (al-
lowable range) of the corresponding own node. Further, if the
maximum allowable transfer length of each of the transmis-
sion tokens has not been changed and remains unchanged in
response to the decrease in the number of issued transmission
tokens, the other nodes may transmit only a small amount of
the messages comparative to the capacity (allowable range) of
the corresponding own node. As a result, the latency of the
communications may be increased. However, according to
the embodiment, the maximum allowable transfer length of
each of the transmission tokens may be adjusted in response
to the increase or the decrease in the number of own-node
addressed transmission tokens. Hence, it may be highly pos-
sible to suppress the above described adverse effect of the
increase in the latency of the communications.

Subsequently, the transmission token manager 124 deter-
mines whether a total transfer amount (FIG. 10) in the current
circulation (one circulation) recorded in the received trans-
mission token exceeds an upper limit or is less than a lower
limit of the total transfer amount (step S191). The upper limit
and the lower limit of the total transfer amount represent
respective thresholds differing from those of the required
circulation time.

When the total transfer amount recorded in the received
transmission token exceeds the upper limit or is less than the
lower limit (“YES” in step S191), the transmission token
manager 124 adjusts the maximum allowable transfer length
of the transmission token (step S192). More specifically,
when the total transfer amount exceeds the upper limit, the
maximum allowable transfer length may be shortened. On the
other hand, when the total transfer amount is less than the
upper limit, the maximum allowable transfer length may be
elongated. These steps are prepared as countermeasures for
preventing congestion in the communications or the increase
in the communication latency corresponding to the own node.

Note that the upper limit and the lower limit of the total
transfer amount may, for example, be set in advance. Alter-
natively, the maximum reference value and the minimum
reference value of the communication throughput per calcu-
lation node N may be set in advance, and the upper limit and
the lower limit may be obtained by computing “MAXIMUM
REFERENCE VALUE OR MINIMUM REFERENCE
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VALUExREQUIRED CIRCULATION TIME+NUMBER
OF ISSUED OWN-NODE ADDRESSED TRANSMIS-
SION TOKENS”.

Subsequently, the transmission token manager 124 initial-
izes the total transfer amount of the received transmission
tokens to “0” (step S193) . The total transfer amount indicates
the total transfer amount of the transmission tokens received
in one circulation. Subsequently, the transmission token man-
ager 124 stores the received transmission token in the own-
node addressed transmission token storage 134 (step S194).
Further, when the new transmission token is generated in step
S184, the newly generated transmission token is also stored in
the own-node addressed transmission token storage 134.

When the transmission token stored in the own-node
addressed transmission token storage 134 in step S194 is
located at the forefront of the queue structure of the own-node
addressed transmission token storage 134 (“YES” in step
S195), the transmission token manager 124 sets a value for
the expected token transmission time of the token manage-
ment information storage 133 (FIG. 9) (step S196). The
expected token transmission time may, for example, be a time
obtained by adding a predetermined time to the last transmis-
sion time in the transmission time history of the token man-
agement information storage 133. The predetermined time
may be set in advance, or may be computed by “SETTING
VALUE OF REQUIRED TIME PER CALCULATION
NODE NxNUMBER OF CALCULATION NODES
N+NUMBER OF ISSUED OWN-NODE ADDRESSED
TRANSMISSION TOKENS”. Alternatively, the predeter-
mined time may be computed by “REQUIRED CIRCULA-
TION TIME+NUMBER OF ISSUED OWN-NODE
ADDRESSED TRANSMISSION TOKENS”.

Subsequently, the transmission token manager 124 acti-
vates a timer function for reporting the expected token trans-
mission time (step S197).

Next, a procedure executed when the transmission token
manager 124 is informed of the arrival of the expected token
transmission time by the activation of the timer function
illustrated, for example, in steps in S197 of FIG. 17 or step
S206 of F1G. 18.

FIG. 18 is a flowchart illustrating an example of a proce-
dure executed in response to the arrival of the expected token
transmission time. The dedicated transmitting side nodes N
may not execute the processing illustrated in FIG. 18.

In response to the arrival of the expected token transmis-
sion time reported by the timer function, the transmission
token manager 124 acquires one transmission token stored at
the forefront of the queue of the own-node addressed trans-
mission token storage 134 (step S201). Note that the acquired
transmission token is deleted from the own-node addressed
transmission token storage 134.

Subsequently, the transmission token manager 124
requests the transmitter-receiver 123 to transfer the acquired
transmission token (step S202). The transmitter-receiver 123
transmits the transmission token associated with the request
to the calculation node N associated with the node identifier
set as the transmission token destination in the communica-
tional information storage 132.

Note that when a request token issued by the other node is
contained in the request token list corresponding to the trans-
mission tokens, the transmission token manager 124 may
request the transmitter-receiver 123 to transmit (transfer) the
transmission token by specifying the node identifier of the
issuing source node of the request token in step S202. In this
case, the transmitter-receiver 123 transmits the transmission
token to the calculation node N associated with the specified
node identifier. Specifically, the transmission token will not
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circulate in the virtual ring topology but directly be trans-
ferred to the issuing source node. As a result, it may be
possible to quicken the arrival time of the transmission token
to the issuing source node.

Subsequently, the transmission token manager 124 adds a
combination of a token identifier of the transmitted transmis-
sion token and the current time (i.e., transmission time) to the
transmission time history of the token management informa-
tion storage 133 (step S203). Subsequently, the transmission
token manager 124 checks whether a transmission token
waiting for being transmitted is stored in the own-node
addressed transmission token storage 134 (step S204). When
the transmission token is stored in the own-node addressed
transmission token storage 134, (step S204), the transmission
token manager 124 sets a value for the expected token trans-
mission time of the token management information storage
133 (FIG. 9) (step S205). The value to be set for the expected
token transmission time may be determined in a same manner
as illustrated in step S196 of FIG. 17. Subsequently, the
transmission token manager 124 activates a timer function for
reporting the expected token transmission time (step S206).

Next, a procedure executed when the message addressed to
the own node transmitted from another node is received is
described.

FIG. 19 is a flowchart illustrating an example of a proce-
dure executed in response to transmission of the message
from the other node. Note that the transmission of the mes-
sage from the other node may correspond to processing
executed in step S155 of FIG. 15. The dedicated transmitting
side nodes N may not execute the processing illustrated in
FIG. 19.

In step S211, reception of the message addressed to the
own node transmitted from the other node is detected. The
reception of the message may, for example, be detected by
retrieving a reception function of the transmitter-receiver 123
triggered by a signal or the like from the operating system
(0S).

Subsequently, the transmitter-receiver 123 hands over the
received message to the information processor 11 (step
S212). Specifically, the transmitter-receiver 123 records the
received message in the receiving buffer registered in step
S122 of FIG. 11 and retrieves the receiving callback function
registered in step S121. In response to the retrieval of the
receiving callback function, the information processor 11
may be capable of detecting the reception of the message and
acquiring the message from the receiving buffer.

Subsequently, the transmitter-receiver 123 updates the
reception throughput history of the statistical information
storage 131 (step S131). Specifically, the reception through-
put from the reception time of the previous message to the
reception time of the current message may be computed by
dividing the message length of the currently received mes-
sage by a difference between a time recorded at the end of the
reception throughput history and a current time. A combina-
tion of the computed reception throughput and the current
time is added to the reception throughput history.

As described above, according to this embodiment, the
message may be buffered until the transmission token is
received. As a result, a transmission amount of simulta-
neously transmitting messages may be increased to improve
the throughput. Further, the congestion of the messages in
parts of the calculation nodes N may be prevented by limiting
the calculation nodes N that are allowed to transmit the mes-
sages to those retaining the transmission tokens. As aresult, a
communication time of each of the calculation nodes N may
be approximately in proportion to a total amount of commu-
nication. Accordingly, if the total amount of communication
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is the same between the calculation nodes N, the variability of
the communication times may be reduced. Accordingly, the
communication time of the overall information processing
system 1 maybe reduced. Further, each of the calculation
nodes N may take in account statuses of other calculation
nodes N to determine whether to transmit the message from
the own node. As a result, the network unitization rate in the
information processing system 1 may be improved and the
throughput in the information processing system 1 may also
be improved.

Note that the embodiment pertains specifically to commu-
nications performed by parallel distributed processing com-
puters, is suitable for a system having a relaxed condition in
the latency requirement in which a communication partner
may be determined based on the processing result, where
scheduling with the communication partner may not be deter-
mined in advance, and uniformly random communications
may be obtained. Further, the embodiment is also suitable for
a system in which the transmission buffer 142 has a relatively
small size compared to the total amount of the messages
subject to processing.

Further, in the embodiment, an example in which the trans-
mission tokens and the request tokens circulate in the virtual
ring topology is described. However, other types of topolo-
gies may be employed as a distributional channel of the
transmission tokens and the request tokens. For example, a
virtual binary tree topology may be employed as the distri-
bution channel. For example, in the virtual binary tree topol-
ogy, each of the calculation nodes N includes information
indicating a relationship between the own node and two child
nodes in a binary tree forming all the calculation nodes N that
transmit the messages to the other nodes. In this topology,
each of the transmission tokens may be transferred in a direc-
tion from a root node of the binary tree to leaf nodes, and
when the transmission token reaches the leaf nodes, the trans-
mission token is sent back in a direction toward the root node.
The request token is transferred in a direction opposite to the
direction in which the transmission token is transferred. That
is, the request token may be transterred in a direction from the
leaf nodes to the root node.

Note that in this embodiment, the transmitting side node is
an example of a first information processing apparatus. The
receiving side node is an example of a second information
processing apparatus. However, the transmitting side node
and receiving side node may be combined into one calcula-
tion node N. Further, the transmission buffer 142 is an
example of data storage. The transmission token is an
example of a first token. The request token is an example of a
second token. The transmitter-receiver 123 is an example of a
transmitter.

According to the embodiment, the congestion in the com-
munications may be reduced.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority or inferi-
ority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.
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What is claimed is:

1. A communication method in an information processing
system including a plurality of information processing appa-
ratuses, the communication method comprising:

storing data, by a first information processing apparatus of

the plurality of information processing apparatuses, in a
data storage in association with identifier information of
a second information processing apparatus of the plural-
ity of information processing apparatuses to which the
data is to be transmitted;

receiving, by the first information processing apparatus, a

first token generated by the second information process-
ing apparatus, the first token indicating a transmission
right to transmit the data to the second information pro-
cessing apparatus and being transferred among the plu-
rality of information processing apparatuses;

recording in the received first token, by the first informa-

tion processing apparatus, one of first information relat-
ing to an amount of the data stored in association with
the identifier information of the second information pro-
cessing apparatus in the data storage and second infor-
mation relating to an amount of time elapsed after the
data is stored in the data storage;

determining, by the first information processing apparatus,

whether to transmit the data stored in the data storage by
comparing one of the first information and the second
information recorded in the first token by the first infor-
mation processing apparatus, with a corresponding one
of first information and second information recorded in
the first token by another first information processing
apparatus of the plurality of information processing
apparatuses; and

transmitting the data, by the first information processing

apparatus, to the second information processing appara-
tus when it is determined to transmit the data,
wherein the first token includes information indicating a
maximum allowable transmission amount; and

wherein in the transmitting, the first information process-
ing apparatus transmits the data within the maximum
allowable transmission amount.

2. The communication method as claimed in claim 1,
wherein the first information processing apparatus transmits
the data to the second information processing apparatus when
an amount of the data stored in the data storage in association
with the identifier information of the second information
processing apparatus exceeds a predetermined amount, or
when a predetermined time elapses after the data is stored in
the data storage.

3. The communication method as claimed in claim 1,
wherein when an amount of time taken to transfer the first
token among the plurality of information processing appara-
tuses exceeds a first predetermined value, the second infor-
mation processing apparatus newly generates another first
token and transfers the newly generated first token among the
plurality of information processing apparatuses.

4. The communication method as claimed in claim 3,
wherein when the amount of time taken to transfer the first
token among the plurality of information processing appara-
tuses is less than a second predetermined value, the second
information processing apparatus terminates the transferring
of the first token.

5. The communication method as claimed in claim 3, fur-
ther comprising:

changing, by the second information processing apparatus,

the maximum allowable transmission amount based ona
number of the first tokens generated by the second infor-
mation processing apparatus; and
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recording, by the second information processing appara-
tus, the changed maximum allowable transmission
amount in each of the first tokens.

6. The communication method as claimed in claim 1, fur-

ther comprising:

changing, by the second information processing apparatus,
the maximum allowable transmission amount based on
an amount of transmitted data transmitted to the second
information processing apparatus using the first token;
and

recording, by the second information processing appara-
tus, the changed maximum allowable transmission
amount in the first token.

7. A communication method in an information processing
system including a plurality of information processing appa-
ratuses, the communication method comprising:

storing data, by a first information processing apparatus of
the plurality of information processing apparatuses, in a
data storage in association with identifier information of
a second information processing apparatus of the plural-
ity of information processing apparatuses to which the
data is to be transmitted;

receiving, by the first information processing apparatus, a
first token generated by the second information process-
ing apparatus, the first token indicating a transmission
right to transmit the data to the second information pro-
cessing apparatus and being transferred among the plu-
rality of information processing apparatuses;

generating, by the first information processing apparatus, a
second token including the identifier information of the
second information processing apparatus when one of
an amount of the data stored in the data storage and an
amount of time elapsed after the data is stored in the data
storage exceeds a predetermined value; and

transferring, by the first information processing apparatus,
the generated second token among the plurality of infor-
mation processing apparatuses, wherein

when the first information processing apparatus receives a
second token generated by another first information pro-
cessing apparatus of the plurality of information pro-
cessing apparatuses and the first information processing
apparatus retains the first token generated by the second
information processing apparatus corresponding to the
identifier information in the received second token, the
first information processing apparatus records the
received second token in the first token;

when the received first token does not include the second
token generated by the other first information processing
apparatus, the first information processing apparatus
transmits the data to the second information processing
apparatus in response to reception of the first token; and

when the received first token includes the second token
generated by the other first information processing appa-
ratus, the first information processing apparatus does not
transmit the data using the first token,

wherein the first token includes information indicating a
maximum allowable transmission amount; and

wherein in the transmitting, the first information process-
ing apparatus transmits the data within the maximum
allowable transmission amount.

8. An information processing system, comprising:

a plurality of information processing apparatuses each of
which serves as a first information processing apparatus
and a second information processing apparatus,

wherein each first information processing apparatus
includes:
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a data storage configured to store data in association
with identifier information of each second informa-
tion processing apparatus,

areceiver configured to receive a first token generated by
the second information processing apparatus, the first
token indicating a transmission right to transmit the
data to the second information processing apparatus
and being transferred among the plurality of informa-
tion processing apparatuses, and

a transmitter configured to transmit the data to the sec-
ond information processing apparatus in response to
reception of the first token; and

wherein the first token includes information indicating a

maximum allowable transmission amount, and the

transmitter transmits the data within the maximum
allowable transmission amount,

wherein the first information processing apparatus

includes a recording part configured to record, in the
received first token, one of first information relating to
an amount of the data stored in association with the
identifier information of the second information pro-
cessing apparatus in the data storage and second infor-
mation relating to an amount of time elapsed after the
data is stored in the data storage; and

wherein the recording part determines whether to transmit

the data stored in the data storage by comparing one of

the first information and the second information

recorded in the first token by the recording part, with a

corresponding one of first information and second infor-

mation recorded in the first token by another first infor-
mation processing apparatus of the plurality of informa-
tion processing apparatuses.

9. The information processing system as claimed in claim
8, wherein the transmitter transmits the data to the second
information processing apparatus when an amount of the data
stored in association with the identifier information of the
second information processing apparatus exceeds a predeter-
mined amount, or when a predetermined time elapses after
the data is stored in the data storage.

10. The information processing system as claimed in claim
8, wherein

the second information processing apparatus includes a

generator configured to generate the first token; and

when an amount of time taken to transfer the first token
among the plurality of information processing appara-
tuses exceeds a first predetermined value, the generator
newly generates another first token and transfers the
newly generated first token among the plurality of infor-
mation processing apparatuses.

11. The information processing system as claimed in claim
10, wherein when the amount of time taken to transfer the first
token among the plurality of information processing appara-
tuses is less than a second predetermined value, the generator
terminates the transferring of the first token.

12. The information processing system as claimed in claim
10, wherein the generator changes the maximum allowable
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transmission amount based on a number of the first tokens
generated by the second information processing apparatus
and records the changed maximum allowable transmission
amount in each of the first tokens.

13. The information processing system as claimed in claim

8, wherein

the second information processing apparatus includes a
generator configured to generate the first token; and

the generator changes the maximum allowable transmis-
sion amount based on an amount of transmitted data
transmitted to the second information processing appa-
ratus using the first token, and records the changed maxi-
mum allowable transmission amount in the first token.

14. An information processing system, comprising:

a plurality of information processing apparatuses each of
which serves as a first information processing apparatus
and a second information processing apparatus, wherein
each first information processing apparatus includes:

a data storage configured to store data in association
with identifier information of each second informa-
tion processing apparatus,

areceiver configured to receive a first token generated by
the second information processing apparatus, the first
token indicating a transmission right to transmit the
data to the second information processing apparatus
and being transferred among the plurality of informa-
tion processing apparatuses, and

a transmitter configured to transmit the data to the sec-
ond information processing apparatus in response to
reception of the first token; and

wherein the first token includes information indicating a
maximum allowable transmission amount, and the
transmitter transmits the data within the maximum
allowable transmission amount,

wherein the first information processing apparatus
includes a second generator configured to generate a
second token including the identifier information of the
second information processing apparatus when one of
an amount of the data stored in the data storage and an
amount of time elapsed after the data is stored in the data
storage exceeds a predetermined value, and transfer the
generated second token among the plurality of informa-
tion processing apparatuses;

wherein when the receiver receives a second token gener-
ated by another first information processing apparatus of
the plurality of information processing apparatuses and
the first information processing apparatus retains the
first token generated by the second information process-
ing apparatus corresponding to the identifier informa-
tion in the received second token, the second generator
records the received second token in the first token; and

wherein when the received first token includes the second
token generated by the other first information processing
apparatus, the transmitter does not transmit the data
using the first token.
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